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DECORATED GRAPHENE OXIDE WITH
OCTADECYL AMINE/SASOBIT/EPOXY NANOCOMPOSITE

VIA VACUUM SHOCK TECHNIQUE: MORPHOLOGY AND BEAMS SHIELDING
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ABSTRACT

Herein, graphene oxide (GO) nanoparticles were fabricated via Improved Hummers method. Then, the fabricated 
GO nanoparticles were modified by octadecyl amine (ODA) through multi-step procedure in order to improve their 
optoelectrical activity. In this case, modification of GO with ODA (GO-ODA) was conformed via FTIR analysis. 
Afterward, through the modified vacuum shock technique, nanocomposites containing Sasobit along with GO and 
GO-ODA were fabricated at different filler loadings. UV-Vis light spectroscopy results showed that the modification 
of GO with ODA can enhance the visible light absorption rate, while it can perfectly absorb UV beams. Despite, ad-
dition of Sasobit along with GO and GO-ODA can lead to significant increase in the whole UV-vis light region and 
overlap the low visible light absorption rate of both GO and GO-ODA. Eventually, with cost affordable materials 
such as Sasobit along with GO and GO-ODA, high absorption rate in the UV-Vis light region can be obtained. In 
fact, by development of these kinds of shields, practical barriers against harmful beams such as UV can be achieved.
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INTRODUCTION

Since the discovery of graphene in 2004 [1] and 
due to its unique properties in variety of fields such as 
exceptional electric conductivity [1 - 3], perfect optical 
properties [4], appropriate light transmission and high 
surface area [5, 6], it has become a reliable candidate 
for reinforcing polymeric based nanocomposites. The 
graphene is known as a one thick, 2D crystal lattice 
containing sp2 hybridized carbon atoms in a heterocy-
clic structure [7, 8]. Moreover, a single graphene layer 
known as semi-metal or zero gap semiconductor that 
can provide unique electronic behavior with electron 
mobility ranging from 3000 to 27000  at room 
temperature (RT) which can transmit of about 97.7 % of 
incident light beams [9, 10]. 

In addition, graphene oxide (GO) consisted from 
few graphene layers decorated with active functional 
groups such as hydroxyl, carboxyl, epoxy and oxygen-
based functional groups [11] which can improve their 
dispersion quality within the polymeric matrix [12]. 
These active functional groups can deteriorate the 
electrical conductivity of GO due to the break of sp2 
networks within the GO structure. Furthermore, the 
sign of transition from insulation to conductivity for GO 
is accompanied with change in the optical properties 
which its band structure and thus optical properties is 
highly depend on the overall amount of oxygen groups 
coverage [13, 14].

Besides, GO is an effective electron mediator due 
to its extending interface to the whole area of graphene 
sheets which can boost the charge migration and thus 
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extend the lifetime of photo-generated charges [15 - 17]. 
Moreover, π-π stacking interaction between GO and 
molecularly attached particles on its surface and im-
provement of photo generated charges due to the accel-
eration of interfacial electron transfer rate can improve 
the optical activity of modified GO [18]. Additionally, 
larger surface area for GO can improve active sites on its 
surface, while defects such as oxygen vacancies in the 
GO structure not only can produce trapped sites but also 
can repress electron-hole pair recombination by captur-
ing electrons [19]. On the other hand, functionalization 
of GO nanoparticles with octadecyl amine (ODA) can 
decrease the overall amount of oxygen based functional 
groups which can improve the structural quality and 
electrical conductivity of GO nanoparticles [20 - 22]. In a 
work by Li et al. [20], they were functionalized GO with 
ODA by a simple refluxing procedure without usage of 
any reducing agent. In this regard, the modification of 
GO with ODA led to reduction of GO and thus improve-
ment of electrical conductivity as well as increase in the 
dispersion quality within the polymeric matrix. In an-
other work by Pang et al. [22], they fabricated GO-ODA/
carbon nanotube (CNT)/polyethylene composite with a 
segregated and double-percolated structure. The results 
of their study revealed that the addition of a low amount 
of GO-ODA (0.06 vol. %) along with CNT can lead to 
a significant improvement in the electrical conductivity, 
yield strength and tensile modulus of developed speci-
mens. In a work by Sch che et al. [11], they reported 
the optical constants of graphene oxide and reduced 
graphene oxide (rGO) determined by spectroscopic el-
lipsometry. In this case, the anisotropic optical constants 
of GO were precisely determined from a multi-sample 
analysis of data obtained from a thick drop-cast layer. 
The optical properties of rGO vary with respect to divers 
reduction procedures which depend on residual oxygen 
groups coverage and defects within the graphitic flakes. 
Moreover, increase in the intensity of functional groups 
can lead to a decrease in the optoelectrical properties of 
graphene which can be furtherly enhanced via reduction 
process. In fact, reduction process will enhance the op-
toelectrical properties by decreasing the overall amount 
of oxygen-based functional groups.

In another work by Cruz-Ortiz et al. [23], the effec-
tiveness of titania-graphene composites under UV-Vis 
light irradiation was investigated. In this matter, TiO2 
– reduced graphene oxide composites (TiO2 - rGO) 

were prepared through the photocatalytic reduction 
of exfoliated GO using P25 (Evonik-Aeroxide) as the 
photocatalyst. TiO2 - rGO composites can improve the 
solar photocatalytic efficiency due to different possible 
mechanisms including: charge separation improving and 
reduction of electron hole recombination rates; changing 
the ROS distribution and inducing visible light activity 
due to the presence of Ti-O-C bonds giving mid gap 
states above the valence band gap [23 - 25]. In a study 
by Goumri et al. [12], the electrical and optical properties 
of rGO and multiwalled carbon nanotube (MWCNT) 
nanocomposites were investigated. In this work, in situ 
rGO/Poly (vinyl alcohol)/MWCNT/Sodium Dodecyl 
Sulfate/Poly (vinyl alcohol) composites were prepared 
via water dispersion and divers reduction treatments. In 
this regard, high absorption rate was observed in near UV 
regions and the photoluminescence enhancement was 
achieved at 1 wt. % graphene loading, while the carbon 
nanotubes (CNT) based composite presents a significant 
emission at 0.7 wt. % followed with a photolumines-
cence quenching at higher fraction of the nanofillers 
(1.6 wt. % TRGO and 1 wt. % MWCNT). Khan et al. 
[26] investigated the optical and electrical properties 
of decorated rGO sheets with Ag nanoparticles. Their 
results showed that attachment of Ag nanoparticles on 
the surface of rGO can lead to a significant improvement 
(ten times higher) in the electrical conductivity as well 
as optical properties, while the optical transmittance 
improved about 90 % compared with 70 % improve-
ment before attachment of Ag nanoparticles to the rGO.

Additionally, Sasobit is an organic synthetic mi-
crocrystalline wax with long chain length of aliphatic 
hydrocarbons with 40 - 114 carbon atoms and fine 
crystalline structure [27, 28]. Sasobit has registered in 
chemical abstract service (CAS) with code 8002-74-2 
and its chemical formula is . Moreover, Saso-
bit is obtaining from Sasol wax which can be find in the 
South Africa and the common procedure technique for 
its fabrication is via Fischer-Tropsch method [27]. The 
chemical reaction which can lead to the production of 
Sasobit is as follows [29]:

       (1)

Besides, long chain length of the aliphatic hydro-
carbons in Sasobit can lead to decrease in the viscosity 
and construction temperature of the final suspension. 
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Wider chain length range not only can extend the plastic 
limit but also improve the melting temperature of vari-
ous kinds of matrices. Moreover, Sasobit can provide 
perfect thermal resistance for composites along with its 
affordable cost [27]. Recently, diverse kinds of matrices 
were used to develop practical composites for variety of 
applications, among we can refer to the phenol novolac 
epoxy resin modified with unsaturated polyester (PNE/
UPS) [30], linear low-density-polyethylene (LLDPE) 
[31], epoxy resin [32 - 38], cresol novolac epoxy resin 
modified with unsaturated polyester (CNP/UPS) [39] 
and polyethylene terephthalate (PET) [40]. These matri-
ces suffer from some disadvantages which needs higher 
level of attention.

Herein, we have developed GO nanoparticles via 
improved Hummers method and then decorated GO with 
octadecyl amine by replacement of amine groups with 
oxygen-based functional groups. Thereafter, specimens 
containing diverse filler loadings of GO, GO-ODA and 
Sasobit were developed using vacuum shock technique. 
Then, effectiveness of developed specimens in matter 
of UV-Vis light absorption was examined and reported.

EXPERIMENTAL 
Materials and methods

GO was prepared via improved Hummers method 
[41]. In this case, all of required ingredients such as 
H2SO4, H3PO4, HCl, H2O2, KMNO4 and Graphite were 
supplied by Merck & Co. Moreover, via a multi stage 
manufacturing procedure, GO nanoparticles were deco-

rated with ODA functional group. For this purpose, ODA 
nanoparticles, ethanol and NH3 were supplied by Merck 
& Co. In the next part, via vacuum shock technique 
[35, 42], nanocomposite containing GO, GO-ODA and 
Sasobit at different filler loadings were fabricated. Nano-
composites specification and filler loadings are given in 
Table 1. For the production of nanocomposites, NPEL-
128 or NAN YA-128 epoxy resin (supplied by Nan Ya 
Plastic Corp.) was used as matrix and cured with curing 
agent EPIKURETM F205 (supplied by Hexion) according 
to considered procedure. Besides, acetone (supplied by 
Merck) and E-10 Cardura (supplied by Hexion) was used 
as dispersant and diluent agents, respectively.

For evaluation of the fabricated nanoparticles, FTIR 
(Bruker model VECTOR22) analysis was conducted. 
Furthermore, nanocomposites morphology and struc-
tural condition were examined using SEM (TESCAN 
model VEGA3 SB) analysis. In order to evaluate the 
performance of developed nanocomposites towards UV-
Vis light absorption, UV-Vis spectrophotometer (model 
Shimadzu-1800) was used.

Materials preparation
Fabrication of GO nanoparticles

In order to synthesis GO nanoparticles, first 2 L 
H2SO4 was poured in a round-bottom flask and stirred 
(500 rpm) at temperature of about 0 - 5°C. Then, 50 g 
KMNO4 was added to the H2SO4 and afterward 10 g 
graphite was slowly added to the previous suspension. 
In the following step, 110 cc H3PO4 was added to the 

Table 1. Specification of the developed nanocomposites.

Sample Number Filler loading (wt. %) 
GO GO-ODA Sasobit 

1 0 0 1  
2 0 0 3 
3 0 0 5 
4 0.5 0 0 
5 0.5 0 1 
6 0.5 0 3 
7 0.5 0 5 
8 0 0.5 0 
9 0 0.5 1 

10 0 0.5 3 
11 0 0.5 5 
12 Pure Epoxy Resin 
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previous suspension and then the suspension was stirred 
(500 rpm) for 72 h at 50°C, respectively. Thereafter, the 
resulting suspension was poured in a vacuum Erlen-
meyer flask and some ice cubes (made from deionized 
water) were poured into the flask. Thereupon, 10 cc H2O2 
was poured into the suspension very slowly and then 
the vacuum Erlenmeyer flask was filled with deionized 
water. Resulting suspension was kept without stirring for 
48 h, for further fillers sediment. Afterward, the suspen-
sion was washed with HCl in order to remove metal ions 
and then filtered and remained fillers on the filter paper 
washed with deionized water in order to set pH on 7. 
Resulting nanoparticles were dried for 1 h under  
in the heat oven and then placed in a humidity absorbing 
chamber for 48 h for further humidity reduction.

Modification of GO with ODA
In the next stage, GO nanoparticles were decorated 

with ODA via the following procedure. In this regard, 
first 0.9 g ODA nanoparticles ultrasonicated in 90 ml 
ethanol at 300 W for 10 min with simultaneous cool in 
an ice bath (45°C temperature limit). Then 0.6 g GO 
nanoparticles were added to the previous suspension and 
ultrasonicated at 300 W for 10 min (50°C temperature 
limit). Afterward, 300 ml deionized water was added to 
the resulting suspension ultrasonicated at 400 W for 30 
min (60°C temperature limit). In the next step, resulting 
suspension was poured into a round-bottom flask and 
stirred (500 rpm) for 1 h at 80°C. Then, 3 ml NH3 was 
added to the suspension and stirred (500 rpm) at 80°C for 
48 h. Final suspension was vacuum filtered and pH of the 
developed nanoparticles were set on 7 via simultaneous 
washing with deionized water. Thereafter, developed 
GO-ODA nanoparticles were placed in a heat oven for 
1 h at 100°C and then placed in a humidity absorbing 
chamber for 48 h, respectively.

Nanocomposites preparation
Nanocomposites containing GO, GO-ODA and 

Sasobit at different filler loadings were fabricated via 
vacuum shock technique [35]. Specification of these 
nanocomposites can be seen in Table 1. In this case, re-
lated fillers were ultrasonicated in 100 ml acetone for 30 
min at 300 W. Then, the resulting suspension containing 
fillers/acetone and epoxy resin were poured in a vacuum 
Erlenmeyer flask and stirred (500 rpm) for 3 h under 
10 - 60 cm Hg vacuum shock. Afterward, indirect heat 

of about 80°C added to the previous step’s suspension 
and the dispersion lasted for further 1:30 h. In the next 
step, curing agent and E-10 Cardura were scaled with 
ratio 100:40 (wt. % : wt. %) and 100:10 (wt. % : wt. 
%) with respect to the matrix, respectively. Then, the 
resulting suspension and curing agent along with E-10 
were separately placed in the vacuum chamber under 
vacuum shock varies between 25 - 50 cm Hg for 30 min 
for further bubble reduction. In the following step, result-
ing suspension and curing agent were mixed and stirred 
(200 rpm) for 5 min and then placed under vacuum shock 
between 25 - 50 cm Hg for 10 min. Afterward, E-10 
Cardura was added to the suspension and stirred (200 
rpm) for 5 min and then placed under another vacuum 
shock between 25 - 50 cm Hg for 5 min. Addition of E-10 
to the suspension can apply a shock to matrix viscosity. 
In this case, it can lead to a rapid decrease in the matrix 
viscosity which can provide the possibility for internal 
pressure of bubbles to overcome their boundary areas in 
the radial directions. Eventually, it can lead to diffusion 
of air from bubbles to the matrix, reduce in bubbles size 
and thus collapse of bubbles which creating due to the 
reaction between matrix and curing agent, respectively. 
In the next stage, suspension was poured in related molds 
and cured in 3 steps. First at room temperature for 7 h, 
then at heating range of about 30 - 40°C for 24 h and fi-
nally for 1 h under 100°C. Moreover, along with acetone 
and E-10 in production procedure, addition of Sasobit 
to the suspension can decrease the viscosity of matrix 
[27] and thereby can improve the dispersion quality of 
fillers within the matrix.

RESULT AND DISCUSSION
FTIR examination of produced nanoparticles

FTIR examination of GO, ODA and GO-ODA can 
be seen in Fig. 1. Typical peaks for GO are 580 cm-1 
(C=O), 846 cm-1 (C-H sp2), 887 cm-1 (germinal dis-
tribution), 1004 cm-1 (vibration of a p-disubstituted 
phenyl group (  in plane bending)), 1059 cm-1 
(C-O in epoxide), 1173 cm-1 (C-OH in alcohol or 
C-C-N amines or C-OC in ether), 1626 cm-1 (C=C 
bonds (sp2 C-X double bonds) in aromatic ring), 1727 
cm-1 ( C=O carboxylic stretching vibration) and 3410 
cm-1 (-OH in alcohols and phenols, OH stretch (solid), 
intermolecular bonded). Besides, for ODA, peaks be-
tween range 2849 - 3000 cm-1 and at 1462 cm-1 
are corresponding to the C-H. Moreover, other appeared 
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peaks 719, 1063 and 1627 cm-1 are resulting 
from exist of C-H, C-O stretching (primary alcohol) 
and C=C, respectively. Successful functionalization 
of GO with ODA could be due to several reasons such 
as hydrogen bonding, electrostatic attraction between 
carboxylic group and protonated amine and also nucleo-
philic substitution between epoxy group and protonated 
amine which amine groups acting as a nucleophile and 
hitting carbon atoms [21]. Besides, the exist of hydroxide 
and carboxylic groups on the surface of fabricated GO 
nanoparticles can provide the possibility for hydrogen 
bonding and electrostatic attraction between GO and 
ODA. Largest intensity change in the GO-ODA spectrum 
is related to peaks 2849 - 3000 cm-1 and 1462 cm-1, 
corresponding to the C-H stretching and deformation, 
respectively, which is due to the introduction of long 
hydrocarbons chain to the GO’s surface [21]. Appearance 
of peaks 2849 - 3000 cm-1 from the -CH2 stretching 
of the octadecyl chain along with 720 cm-1 peaks show 
successful modification of GO nanoparticles with ODA 
[20 - 22]. Additionally, the presence of new peaks at 1467 
cm-1 (C-N stretch of amide) and 1591 cm-1 (N-H bending 
of amide) in the GO-ODA spectrum indicated that amide 
carbonyl bonds were created between the GO flakes and 
ODA molecules [20, 43]. Furthermore, peaks between 
region 1030 - 1160 cm-1 (C-O-C) and 1591 cm-1 (N-H 
stretching vibration) which were weakened and appeared 
in the GO-ODA spectrum, respectively, indicating the 
formation of -C-NH-C bonds due to the reaction between 
epoxide groups and amine groups [20]. In addition, the 

disappearance of peak at 1720 cm-1 which is correspond-
ing to the carboxylic group, indicated the interaction of 
carboxylic groups with ODA molecules. Moreover, reac-
tion of epoxide groups with ODA molecules can lead to 
the generation of C-OH and C-N bonds [21].

SEM examination of developed nanocomposites
In order to examine the structural quality and 

morphology of fabricated nanocomposites, SEM analysis 
was conducted. SEM images of nanocomposites at 
different filler loadings are shown in Fig. 2. As can be seen 
in Fig. 2(a-c), by increase in the Sasobit weight percentage 
within the matrix, the roughness of the fabricated 
nanocomposites was increased. This result was also the 
same for nanocomposites containing GO and Sasobit at 
different filler loadings (Fig. 2 (e-g)). Moreover, addition 
of GO-ODA nanoparticles to nanocomposites along with 
Sasobit particles, can improve the morphology and make 
the surface of fabricated nanocomposites a bite smoother 
(Fig. 2(i-k)). As can be seen in Fig. 2(i-k), nanocomposites 
containing GO-ODA showing smoother surface and thus 
lower roughness rate compared with other specimens. In 
addition, sample containing GO-ODA (Fig. 2(h)) shows 
smoother surface than samples containing GO (Fig. 
2(d)) and neat epoxy resin (Fig. 2(l)). Eventually, the 
modification of GO with ODA nanoparticles not only 
can improve the dispersion quality of GO nanoparticles 
due to the presence of various kind of functional groups 
but also enhance the structural quality and decrease the 
surface roughness of developed nanocomposites.

Fig. 1. FTIR results for GO, GO-ODA and ODA.
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UV-Vis light absorption
When a light or photon is hitting a conductive sur-

face, a valence or core electron is excited to the conduc-
tive or higher unoccupied energy band and the electron 
becomes a photo excited electron. This phenomenon is 
the main reason for optical, UV and X-ray absorption 
which mainly depend on the energy of the photon. Be-
sides, the electrical interaction of the photon-absorption 
process is generally called electrical dipole interaction 
[44]. Occupied state of the photon-excited electron 

becomes unoccupied due to the optical absorption in va-
lence or core energy band and this unoccupied region be-
comes like a particle with positive charge, which called 
hole. Moreover, coulomb interaction force between 
photon-excited electron and hole can lead to creation of 
a bound state which called valence or core exciton [45]. 
Furthermore, the photon-excited electron or hole can be 
scattered by emitting photons due to the excited-photon 
or electron photon interactions. This phenomenon can 
lead to the relaxation of excitations to the bottom of 

Fig. 2. SEM images of nanocomposites containing diverse filler loadings of GO, GO-ODA and Sasobit; sample 
1 (a), sample 2 (b), sample 3 (c), sample 4 (d), sample 5 (e), sample 6 (f), sample 7 (g), sample 8 (h), sample 9 
(i), sample 10 (j), sample 11 (k), sample 12 (l).

   

   

   

   
Fig. 2. SEM images of nanocomposites containing diverse filler loadings of GO, GO-ODA 
and Sasobit; sample 1 (a), sample 2 (b), sample 3 (c), sample 4 (d), sample 5 (e), sample 6 (f), 
sample 7 (g), sample 8 (h), sample 9 (i), sample 10 (j), sample 11 (k), sample 12 (l). 
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conduction or top of valence band. Moreover, after a 
time of about 10 ps -1 ns, the photon-excited electron 
and the hole recombine by emission of a photon due to 
the spontaneous emission of a photon which is known as 
photoluminescence (PL). These processes which includ-
ing photon absorption, relaxation and photon emission 
is called optical process. Additionally, a photon can be 
either emitted by PL or light scattering process. Change 
in the momentum of the incident light or overall amount 
of energy in the presence of a material can lead to the 
light scattering by the target material. Scattered light is 
very necessary to recognize the color of the material. 
The scattering phenomenon is consisted from serial of 
optical processes such as optical absorption, scatter of a 
photon-excited electron and photon emission. Likewise, 
light scattering phenomenon is 1000 times faster (10 
fs -1 ps) than PL (10 ps -1 ns). There are two different 
kinds of scattering processes such as elastic and inelastic 

scattering of light, which are known as Rayleigh and 
Raman Scattering, respectively [44].

Rayleigh scattering occurs due to the vibration of 
dipole moment which is induced in a material by the in-
cident light. This phenomenon can lead to the generation 
of an electromagnetic wave due to the vibrating dipole 
moment and scattered photon propagates into various 
directions from the direction of incident photon without 
losing any energy. This phenomenon is very fast (10 fs) 
and has spectral width of about 100 cm-1 (11.6 meV). 
Besides, Raman scattering occur due to the inelastic 
scattering of the light. In this regard, the photon excited 
electron loses or gain energy due to the absorption of 
some elementary excitation such as phonons or via ex-
citing another exciton or by exciton-phonon or exciton-
exciton interaction. In this situation, the scattered light 
loses or gain energy from the exciton which is known 
as stoke and anti-stoke shifts of light [44, 46].

Fig. 3. UV-Vis light absorption rate of nanocomposites at different filler loadings.
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In addition, UV-Vis light absorption rate of devel-
oped specimens at different filler loadings is shown in 
Fig. 3. In Fig. 3(a), UV-Vis light absorption rate for 
nanocomposites containing Sasobit at different filler 
loadings (1, 3 and 5 wt. %) can be seen. As can be seen, 
the increase in the weight percentage of Sasobit can lead 
to significant increase in the overall amount of UV-Vis 
light absorption rate. In Figs. 3(b) and (c), the effect of 
Sasobit along with GO and GO-ODA on UV-Vis light 
spectrum can be seen, respectively. As shown in these 
figures, addition of Sasobit to nanocomposites along 
with GO and GO-ODA led to significant improvement 
in visible light spectrum as well as UV spectrum. In Fig. 
3(d), UV-Vis light absorption rates of GO and GO-ODA 
are compared with net epoxy matrix. As shown, the 
decoration of GO with ODA led to significant improve-
ment in the visible light region. In fact, π-π stacking 
interaction between GO and ODA and decrease in the 
overall intensity of functional groups such as carboxyl, 
hydroxyl, epoxide and other oxygen based functional 
groups due to the interaction with long hydrocarbon 
chains of ODA led to improvement in the optoelectronic 
activity of GO. Despite, as well as increase in the opto-
electronic activity, modification of GO with ODA can 
improve its dispersion quality through the matrix [20]. 
Eventually, addition of Sasobit along with GO-ODA can 
significantly improve the capacity of nanocomposites in 
matter of UV-vis light absorption. These cost affordable 
and effective additives can be furtherly used for develop-
ment of shields in matter of UV protection.

CONCLUSIONS

In this study, GO nanoparticles were fabricated via 
improved Hummers method and then functional groups 
of GO were replaced with ODA to improve its optoelec-
trical activity. Afterward, nanocomposites containing 
GO, GO-ODA and Sasobit at different fillers loading 
were fabricated using modified vacuum shock technique. 
Outcome of evaluations showed that modification of GO 
with ODA not only can decrease the overall amount of 
functional groups and replace them with ODA but also 
can improve the optoelectronic activity of GO in visible 
light region and increase the dispersion quality of modi-
fied GO within the matrix. Moreover, addition of Sasobit 
along with GO and GO-ODA can lead to significant 
increase in the UV-Vis light absorption rate. Eventually, 

with cost affordable materials such as Sasobit along with 
GO and GO-ODA, nanocomposites with significant high 
absorption rate in the whole UV-Vis light region can be 
obtained, which can be furtherly used as barrier against 
harmful beams such as UV.
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